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SECT ION 1

INTRODUCTION AND BACK GROUND

Although the electroless (autocatalytic) plating

phenomenon is a rela tively young technology1, its merits and

capabilities are well recognized in the field of metal finishing.

The commercial adapta tion of this metallization technique stems

from the inherent advantages2 as compared to electrolytic plating

(electrodeposition) . With the rapid growth of high technology

during the past two decades , there are many produ’~ s which are

used by the consumer and the military in which electroless

coating is an integral part of the manufacturing steps. Typical

examples of products which employ electroless plating are

printed circuitry and plated plastics parts. In the latter ,

products ranging from decorative parts to automotive parts are

available. In recent years and particularly since the energy

crisis of 1973 , considerable interests and efforts are being

devoted towards weight reduction for the purpose of energy

savings. This interest is already noted in the increased use

of plastics in automobiles as well as consideration of the

potential uses of plastic in batteries.

Although these products are significantly different,

certain common processing steps are applied to all. More

specifically , the catalytic treatment of the plastic is an

1

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Although the palladium based catalysts are widely

used in commerce , several limitations have been recognized

throughout the years. These limitations are based upon :

Pollution and personnel safety

Materials and costs

Product reliability

The following are just a few problem areas’ stemming

from the present day catalysts.

1 Recently investigators have noted that certain

printed circuit boards could not meet the mil—specification for

insulation resistance. Analysis of the problem showed it to be

directly correlated to the inclusion of high concentration of

hydrochloric acid within the presently used palladium catalytic

systems. The high acid content was believed to attack the

glass fibers used in laminates. A partial solution for this

problem was offered by the substitution of excess salt (NaC1)

for  the hydrochloric acid. However , this solution is only a

compromise since in general it is highly desirable to process

electronic devices with composition of low electrolyte

concentrations.

2 The United States ’ prime source of palladium is

the U.S.S.R.

3



3 A 1thou~.jh t he s e  a s o  many I ac tors  l e a d in g  to the

liorno~ ent ’ous decomposi t ion  of e l t ’ctroless p l a t i  n q b a th s  , co n t a r n i  —

n a t  ion  of  such ha ths  w i t h  p a l l  aCl i urn i s  on e  m a j o r  contr  i h u t  i nq

S L) l i F c O . I n  t a c t , an a l y s i s  o t  p I~t t  l u q  b a t h s  shows an i s i c t  o . i s i nq

co n t e n t  01 pal  1,11,1 1 urn • a ion ’s  w i t h  d e c x & ’asod s tab i  ~ i ty  . ‘i’hi s

~‘Lv i somen on  li~is led to the  de\ ’t ’ lop r n e l I t  01 J st,iLt i i i  ty  t o~~t

dt ’v s  ~s 0 L I  t h r o ug h  t he m e as u r em e n t  ot  the t o l er , i s i c t’  ~~t e l e c t  i c l e s s

bath to ,i~Idt~d pa I I ,id i urn ~~ 
‘ ~ . 1)econipos 1 t ion ot  e b c  t ro leSS

p l a t  i n t i  b a t h s  r e s u l t s  i n  s i 1,~n i  t l c a n t  p s o i ’l e r n s  w s  th s o s p o ct  t o

was te  d l s j o S . I l  t s t ’.itment as w e l l  as a d d in q  t o  the  cost  ol

op t ’ s  a t  i on

4 In  a l l  p resen t  day s y s tem s  , cotic - sit rated hy d roch l  or i t ’

a1, i d i iise~1 r e s u l t  ti~ in  hi .sh .1 y obj e ct . tonablo t UIUO S . I t  ‘I s  t h u s

e s s e t i  I ia  1 t o r  p i o i e F poi .’sonne 1 ;a fety  and 101 the p t  oven I I 051  C) I

t ’t lU I pm e nt  ct r ro~; s o n  t h a t  hi qh l  y e t  1 oc t  1 ye v en t  i i  at  ion i c  ,iva 1 1 able

R i n s e  Wj t t ’~~, e s p e ci a l ly  t h at  c o n t a i n i n g  p a l l a d i u m ,

t s  ~so t i e r . i 11y  no t  r e c i r c u l a t e d  due to the t e . i x ’ of  e r o s s — c on t a m i r i a t  tor i

ot  the electtoless pl ating baths with t h i s  p a l l a d i u m , t l i er e i \’

.i t ~,‘C 1;~ bath LIt ’com} lOs I t  lou.

b In pr i s it e d  c i  t cu i  t r y  I , i b i  I c a t  i on  I C ’I. nia i dehvde t uisie s

are  qt ’ne r a l  1 v p i e  son t s i nOt ’ t h i s  component  p l a y s  a ma OF r o l e  in

e lec t  ~o1t ’si-s copper f o r m u l a ti o n s .  At  tlit Saint ’ t i m e , due t o  
the4
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in i n 1 m i o t lit’ ox i ~.1a t i 0 U and ~ r proc p i t  .i t iOU 01 t I Ii

8 Piie t 0 t lit’ 1 OWt ’ I O\’ t ’ l i t ’ I t  .i~ 5 0 1 01’ ll\’ t i  r t ’t lO l i  ~i as

t ’vo but  i on on pal lad i urn i t  has i’eesi s t ’po i t  ‘d ‘ t ;ia t  re  1 1 .tl’ 1 11 t \‘

p r ob le ms  a s•o os icoun  t 0 i t ’~l dii ri s i . s  t lie ~,‘ 1 oct ro 1 \‘ t ic  p l .it I 1it 5 105111 t i no

lfl 0 Xt ’ t ’ 55 1 V t ’ hyd FOtSt ’U .I,IS t ’V t ’ 1 u t  1011 .i hoist t he ,ii 1,11,1 1 u~ s and

t e s t i l t I fl~i in st t os s e d  dept ’s i t  s

~) In t he ca t a .1 v at i O U  0 5 coppt ’ 1 ci .t~1 boa i’d 5 1 01

p r i n t e d  c i r c u i t  i v , at t i tnes an ovet — c5italv ~ at i on ’ p t Ios io In ~’non t . ikes

p l a c e  res ts  i t  i n k s  s n poor .idhes t o t i . u’~nt ’ cause  t o  r 1, ’\’ t’ i t ’a ta 1 \‘ .‘.i t i o n

i s the re 1 at .i ye pos i t iOn 01 copper  and p all ad i urn i n  the 1’ . . F’

Se U ‘It’s

if l  t ’ t ’ cOt5I i l  .~ 1 si~l the  above I m u  t a t  io n s  , Sti r f a c e  Te~’hn o lo1 ,u\ ’

has be gun a p i Oflt ’e F ~ 0 f t 01’ t t owa i L l  the dove 1 opin e si t  o t a new

~u o n t’r a t i o s i  of catalysts. The oh ]oct j V t ’ sot forth t~’,is t he

dove loprnen  t of cata I vt ~~t
’ system(s) which w o u l d  ho app 1 1  c ab  1 e to

~~~ p r i n t e d  c i r c u i t r y  pi’ocos s i nq and s~’oti Id be bast ’d upon non~~p s e c  i ous

nieta is ( 0 .  q . , coppt’ r ‘I , and would opt’ s at e  at p11 va 1 Ut’S c l O St ’ t o

neutral.
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1 . Co n t a c t  i n~~ t t i e  r~o n — cor i d u ct o  r with a sol Ut

( ‘ on t , i i n i n~ s fliOtal i o n s  such as cos ’nor  , n i c k e l ,  i r o n ,

an .  ( ‘01)01 t

cia t ~~
- r i n s e  m d  o r  d ‘:i nq

3.  ~‘ontactinq t u e  t r c , m t t ’d n o f l — L ’( r & d u c t o ’  wi , t li .i

s’e d u c i nq  c omp o s i t  i ~n w h i c h  i s  c a pab l e  01 u . ’ i s ’ I n ’ i

the  m e t a l  i o n s  on t h e  n o n— c o n d u c t o r  t o  t tn  e l e m e n t a l

c a t a l y t i c  s ta t e .

4 .  P I t o t  roless  u l a t i n g,

C a t a l y t i c  col lo idal  approach 4 1- 4 3

1. C o n t a c t i n g  the n on - c o n d u c t o r  w i t h  a c o ll oid a l

compos i t i on  b e a r i n l  a c a t a l y t i c  meta l  ( e . q.  , c o p p er )

w h i c h  may be in any of several  o xi d a t i o n  s t a t e s .

2. Water  r i n s i ng  to remove  excess co l loid.

3. [ O pt i o n al l  Cont,, i ct i n t i  the t reated n o n - c o n d u ct o r

w i t h  an a c ti v a t i n g  composi tion  w h i c h  reduces the

induction time for the metal being deposited. The

6
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activating composition may be a reducing composition

in the event that the colloid consists of metal ions

in the posi’ive (cationic) oxidation state .

4. Electroless plating.

While  bo th of the above generic approache s are based

upon sound chemical pr inc ip les, the second approach is p r e f e r r ed

because it envelops those properties and/or capabilities sought

in a newly developed catalytic system which overcome the

disadvan tage s recogn ized in the presen tly used pall adium

catalysts as outlined above.

Accordingly, the present program focussed upon

improvements of the generic approach designated “ca ta lytic

colloidal approach ” . Specifically the approach taken was

based upon the fo l lowing compos itions and key process steps.

[Water rinse steps are not here noted.}

Pr e f e r red ca ta ly tic colloidal approach

1. Contacting the non-conduc tor with a colloidal

dispersion of copper where the copper may be part of

an alloy , elemental state or an hydrous oxide.

Contact time of about 2 to 4 minutes used.

2. Treatment in an a c t i v a t i o n  step , wh ich is optional ,

and could be a dilute reducing medium , as to f u r t h e r

activate the adForbed colloid. Treatment time of

about 2 to 4 minute s used.

3. Electroless coppe r plating .

7

.-



In adapting the above process steps the induct ion time

and metallic coverage were closely monitored during the plating

step. Induction times for observed plating initiation were

recorded along with the percent of the non-conductor which was

coated with copper after 1-minute . In general , short ind uct ion

times and 100% coverage were sought for the ideal system.

SECTION 3

COLLOID PREPARATION TECHNIQUES

Though there are seve ral techniques 44 51 for  the fo rma t ion

01 colloidal dispersions , in the current program special at t e n t i o n  - 

-

was focussed upon the chemical precip i t a t i o n  method . In t h i s

method the insoluble phase (colloid) is nucleated through the

chemical interact±on of at least two reactants , e . g . ,  copper ions

with an h y d r o x i d e - b e a r i n g  compound . This method was selected since

i t  a p p e a r s  to lead to p a r t i c le s  of d i f f e r e n t  mor p h o l o gy 46 , further

l e a d i n g  to smal l  pa r t i c l e s.

These freedoms are hi ghly  si g n i f i c a n t  and are a major

asset to development of a practical catalytic system. Though

most of the effort was conducted in the nucleation of copper colloid ,

w i t h  or without other metallic additive s, the end product was

varied depending upon the n a t u r e  of the p r e c i p i t a t i n g  agen t  used

to onse t t h e colloid nucleation .

As seen in Table 1 the end product(s) and hence the

ultima te properties , of the colloid are dependent upon various

factors but mostly upon the chemical nature of the precipiatinq aqent.

8
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F’rom s u r v ey  ot  the S ta t e  01 t l i t ’  a~~t t o l ’  t h e  ps  o par a t  j e l l  o f

col l o s  do I d i sper s ion  U t  i i i  ~ t n t ;  t he proc i p i t  a t  ion techni gut’ it

.qp~’ai s that the c o l l o i d a l  s t a t es  t ; t ’ I i & ’ r - I l l \ ’  a re  n u c l e a t e d  through

the  in ter r e a c t i on  of a l i q u i d — l i q u i d  phase i n t e r r e , i c t i o n .  l’ or

ex~impl e , t tie prec i p i tat i 011 of  hyd rous  ox id e  1,0 1 lo S ot  copper art ’

ge n e r a l l y  of foo ted  by a s t r eam o I , m l  k . i  l i n e  m a t e r i a l  comb i nod w i  Hi

a l i q u i d  p h ase  cont , i  i s i s ng a s u i ta b le  copper s al t  . 511511 L i t l y  , the

I nterreaction 1,) t a copjt e  r s a l t  v i  0 .1 i t ’duc i  rig a ge n t  (~ ‘ . q .  , boro h i y d r  s do)

‘IS eft’eeted v i a  a l~~g u i c 1 — l i q u i d  i n tt ’ i i ’ t ” a c t i o i i .  In  t h e  COur se  o t

t h i s  e f f o r t  i t  was coliCe I ved t h a t  there  nay  he se v er a l  . i t iv an  t . i . ies

in ef 1 o c t  ing the fo rma t i on  o I the col loidal p h i s s e  by t h e  s n t e r r a ’ , i ’ t. i o n

of  .i t j O S O O t ! 5  r e a c t a n t  w i t h  a l i q u id  phase as w e l l  , io by .u I s — g , i s

i s it e r r e a c tio n .  Some ot t h e  an t  i ci  pa ted .i~i van  t ages a to

1. The abs l i t  v to d i  spt ’ 1 S t ’ a gaseous  p r o d u c t  i n t o  a I i t i u l t i

may lead to a more finely divided col lo s  dal ps o luct

2 . The i n to  i’r eac t  ion v i  a a t l t iSO Ot !5  i ’oact .’in I may p t ’ ov i do

the  fornia  t .ion of more t ’OI iCeI i  t r a t e d  d i  spers  i ot is  s i iice t he  q~ iS t ’Ok1S

r e a c t a n t  does not  1 eac,l t o a d i i  U t  i Of l  in  vo l  unit ’

3. The i ncorpor o t ion of a t l i t s t’ o u i S  r e a c t a n t  i i i  to ,i i i  qU 1 ci

may also reduce addi t i o t ia l  i on  i c c o m p o n e n t  s wh i cli a r e  p r e s e n t

whenever  a l i q u i d  r eac t a n t  is used .

4 . The n u c l eat i o n  of a co i l  o ida  1 r t ’o( i i i ct  may lead i nimedi , i t  ely

to a semi-dried product.

• In an attemt to explore  the nier its oS such ,in . ip j’ro . ich

several  e x p e r i m e n t s  were conducted in which di ho t’ , t s i e  t 5 , I  a l o ng  w i th

n i t rogen  was used to onset  the r e d i s ct  IOfl o f  a copper  s o l u t i o n  t o

form a reduced a d m i x t u r e  of col lo idal  copper and copper b o i i d e .

9
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‘l’houqh I lie t ’xp ~’i l j i ient  was  e t  f t  ct  I V t ’ , O i ;  o f  t h i s s  ( I t t  i l i t )  111~1 ) O t

C ~I i  c Isis t t t i i  cai l  1’t ‘ j s  c~ ’ t S a t  5 l t ’ tj  ,l I; t 0 t he t’ 5 I t ’  t i V t  ‘ S r i ’ S  ii  ( 1  5 t lit ’

c cl  le i cia! pt o du ct  .ie I vt ’ tl  b y t h i s  , i p p t  t t , t t ’h t s . t s n t ’ 1 y t a s — I  1 gs i  id

l O i t e r  I i ’a ct  l o l l  V S .  a i i q u t s i i i g u i d  s u t e t  I t ’  i t ’ S  l O ll . ~ t ’ V t ’ 1  i i

Ct 1 1 1 ‘ i d  • i ~~‘ a s ‘~ I by t h e  ‘ ;, ss  — 1 i q t i  r ci h i t  I I 0 5 ‘ S I t  i l l  w s f t t i i  r id t o

t o  e t t t . ’ t  i ye  when  used  i i i  t h e  _ ‘ i t o  l yt IC  ~~l o~’,0i ,’;

‘l’ aI)le I

flt(’ t ol 1 O I lS  })I’ t ’c 1 ~ 1 t a t  t r i g  ~t t 5v 1l 5 s t s , t  I I I  t ’& ) 1 l o i  cia 1 p t t o t j m s & ’t

I 0

( ‘tg ’pe i s o d iu m  hyd r o x  I ~ie h y d i  ru ;  ox ide

t ’tq)p ( ’ F r ;t s i i  11,1151 ho t’ohy c i i -  I s i t ’ ‘‘~ l ’i • t ’ i  ~ir’til Ct 5 t I  ho i ’ i  ci t

cm ‘t ’ F di methy l am i ISO I)or ane t ’ot g n t  015(1 C O I t I t O  t 1 t o t  i cl i’

t ’oppo s h y d t ’az I no co;’p ., ’ t

h i  the pr e p ar ~i t  ion of t he  col ioida I di soot’s i on  I t

was f o u nd  h i t  Icost resisi ts were ob ta ined  by the t eas ’t i rig of

a st r oam c en t  a in  ing the reducing agent  w i t h  t h e  m e t a l  i ons

co p per )  in  t h e  p r e sence  of a t  least one col ic i d s tab i  i i  i~t ’ ri

T h is  ap p r oa ch  which is s i m i la r  to chemj c ,i  1 t i t r at  ions has

pr ov  i sled qm ’to d (‘0511 r o l and i’ s’p l ’ )d i ic  h r  l i t  y of f lit ’ end pI ’o ( l s ict

Most of I he nuc l ea  t t o n  react  it ns were car  r 1 ~ s1 f orth abo v e

room tempo r at  ure  ( app  rox i m a t  e l y  aO ° C) I n order to overcome

a n y  •ic t t v a t  ion  r e q u i rem en t  s . The amount  of p r os ’ i l ’  i tat i nq

10



agent required relative to the metal ions was found to he

closely related to the calculated stoichiometric quantity

required . Excess addition generally resulted in ultimate poor

colloid stability . It was also noted that the rate of m oor-

pot ation for the precipitating agent was a varient dependent upon

its n a t u r e  and the volume of colloid produced .

In o rde r  to improve U~~Ofl the ultimate colloidal

stability additional care was necessitated in order to maintain

a low ionic strength for the fina l dispersion . To that end , it

was tound that monovalent anions (Cl ) were p r e f e r r e d  o v er

c i s  valt ’n t ions (504 ) , and t h a t  even amonq the an ions , hal  1 c i t ’S

an i o n s  appear super ior  over  others  such as the n i t ra t e  anion .

11
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SECT I ON 4

RESULTS AND DISCU SSI ON

Copper metallization is most commonly employed in

the rnetalli~ ,t tion of printed circuitry arrays. Accordinqly,

evaluation of the new catalysts in the present effort was

l1l~ld t ’  u til izing commercially available and widely accepted

electroless plating compositions . Due to the autocatalytic

nature of elt’ctroless plating i t  is evident that copper is a

s u i ta b l e  eatalys t for electroless copper platinq initiation ;

Imt ’r i ct ’ , the ma ~or  t ’ f f o r t  concen t ra ted  upon coppe r based

catalysts. The choice of coppe r was also influenced by the

g i e a t ease of  s t ab i l  i ~‘. i n q  colloidal copper dispersions vs.

cobol  t and n i c k e l types .

The f o l l o w i ng  r e s u l t s  represen t  h i q h l i q h t s  of the

1 1 n d i n q s  , p a r t i c u la r l y  those r e s u l t s  w h i c h  have e s t a b i  i sod

improvements i n  p e r f o r m a n c e  of the  catalytic colloidal

catal ysts .

12 
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A. N t ck t ’ I 01 Cot ta 1 t Doped Copper  C a t a l y s t s

l1~~sec i u~ ri  d i  Sc ’ i i S  5 l OriS ii ‘t t \ ’ t ‘ , I t 1 S t ‘‘~‘ I j er i  I

t h a t cc i~~ n ’ r  dot’s y le Id an c ’ S  I ect  S Vt’  c a t  a! ys  t I t ’ F t he

t ’ l t ’ c ’ t t t ’ [ t ’ ~~s p la t  i n g  i r i t t i s t  s o i l , p a r t i c u l a r l y  l o s  t ’ I t ’t ’t~~o 1s ’ss

• ‘op ~ t ’r  p l o t  I r i g , i n  t h e  cent  so of  t h i s  ac t  I V i  t y  i t  was

ot r r i ’ i  V e t1 t l i s t  t h e  m a r i n e r  i cy wii i cii t i j , ’kc’1 a n !  ~r s ’ob ,i I t  , i r e

l I l c o  I ;t o  r a ted w i t ii t h e  t ’o i c l  t ’ t c,i t a 1 vs t may  be car r s c ’ t i I o I t h i n

one c t  t 50’ ,~~‘ ‘~‘dss S t ’ s .

I n t h ~t ’ I i s  ct  p r o ced s i t  0 t he  f l j t ’kt ’l  01’ cobal t i s

1 tiCs’ I pe i s  t i ’d a ! on t  w i t  Ii the coppt ’ 1 p s  l o t  t 0 t hit ’ 51111,’!  at i on  of

t tit’ Ct~l I t )  i t l , i l  i ha st ’ . I n  t h i s  s’as~’ S lie C o n \ ’e I’s i t ’ l l  t O , I t ’t  1011 I cl’

t he  iii ck t ’ 1 and  coha i t  is  s im i  1 a r  S o t h a t  01 t l it ’ con vt r s i  c l i

ea ’t i o n  c t  t he coppe r , n a m e l y ,  s I t h e  s’o~~ pt ’t  i s  s t ’ i uced so

w i l l  the  n i c k t ’ I l I l t 1  05  c~ c i t , t  it ito t ’eduic t ’d , t ’spec 10 1 l y  i f  t hi t ’

t t ’du~’ i ~ q a ; t ’ nt  ( 5 )  i i s t ’d in  the eact  I OI l  Ot’t,’ StI’OIlcl I ‘dtlC j u g

age u t  wti s cli ,t re ste t’ i v a t  i Vt ’ 5 o f ho ioisy ci r t t ies — t y pe . The r o t  0 i t ’

in  p t o c t ’t l s i t ’ e  No . I hot  ii the p r i m a r y  m e t a l  and t lit ’ st ’cond , i l ’v

s i l eta  I ‘IlSt’ti t o t  d o p i n g  ,iro s’ o t i V e t t  od i n  a s im i  l o t ’  I , i sh i o n

The a l t o  m a t  e r r ’oct ’t.lu t o  , procedu s e No .  .‘ , whi i cli was

f o u n d  i s  I t ’ C ”IiVt ’ I ’ t t h e  pi’ i Ino r ’ v n e t  111 , i .5 ’ . . copper , I t ’ i t s

S t no I st ,i t e  V i 0 .1 reduc i r ig agt ’r i  t and thet’ea fter add n i ckt’ 1 ot

cobalt via th e addition of a compound ht ’ a r i n i  the nickel I o n S .

Though many t ’x ~ n ’ r i m on t  were cor id s ic  I t ’d us m i  these  p t’ocet lU I i ’S

anti t hough  i t  was f o u n d  t h a t  the  i ns ’o t’p ot , ì t  ion of n i c k e l  and

cobalt  does enhance the catalytic activity in comparison to

the same wi t h i out  the 1 1 1 ISC ’o t po r~1t ion , t he ss’contl  } ‘ i O t ’t ’c i ’ I i l ’ t ’ W aS

ii
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~~‘iins1 m o s t  01 tt’c t l v i ’  , s r ;  .1 f i n a l  c a ta l y s t , t ’s ; t ’c i a l  l y  when

s i t  ck t ’ 1 so ss used.  I n  I he second p t .  cedu re t h e  ii i cke 1 i S no t

t ’0 11\’ t ’ It t ’,l 1’; t ’ f ; s ’ t  i ats , h e n c e  i t s  ~i}’pa r en t  o x i d a t  t O r i  St  O t t ’ is

uric i i  • n d  , t in 1 i ke t his ’ c ha r i g s ’ in t ‘x I i t t  I t ’ l l  S t  at s’ wli e  Ii p roced ( S F 0

N ’ . I is  used .

Il ‘Wi ’ ‘ I’ , il l t tit’ Coil  1 St ’ Of t li t ’ 0 ‘0 I 1 rio n i t  1 t WOS

I o u n d  , 5 0  r 1, 1 CU I a r’I  ‘1’ in the  c,i so of us ,‘kt ’ 1 , tha t the add r t ion 01 the

i i i  ‘ko  I ~‘ t i nj ’ ’ ; i u i s i  , s f t  e r t iso s’ c ’ppc ’r Cs’ l b  is1 n u c l ea t i on r e s u l t e d  i n

a c~i t a 1 y t  i t ’ a c t i v i ty  s i i n i t  icantlv h i g h e r  than those co l loids

re ’su i t  i n t l  I rom ps’ oced ut ~ no .  1 , as we 1 1 as f rom the cors tro I

( a h ~~i ’t i s ’t ’ 01 Ol~~’ lii ‘Li ’ 1 o r  c ob a l t  1(1(100) . Th t s  o b s e r v a t  i o t s

seems t o  I t ’ r io I t ’ SI  g i l  i f i c a n t  in  t h e  case of n i c k e l  r at h e r  than

s’oba I t .

1’~ le c t  r o n  l i i l t ’ t O S c O} ’ \’  t t ’s ’ h i I i i q u t ’s w e r e  u t  i i  i~~t ’ l  111 an

a t t e m p t  t o  account  fo r  t h i  s obse rva t i on . Col b ids prepa red by

the above p rocedures  were e x a m i n e d  using the diffraction mode .

F’ i g u r t ’ s i’s vs . I l l  show the d i f f r a c t i o n  patterns for procedures

N o .  I arid No. 2 , respectively. I t  I s  e v i d e n t  t h a t  p a t t e r n s

res ulti ng from the latter procedure reveal a gr e a t e r  amorphous

character in comparison to the results of procedure No. 1.

Henc e , i t is not surprising that the plating results or the

activi ty of the catalyst is consistent with the degree of

amorphous nature. Prior investigations related to palladium

t y pe cat a lysts have shown that in general the level of catal y t i c

a ct ivity is related to the degree of amorphous nature . Generally

14
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~; ‘t ’ , ik  i t i g ,  i n  seek ing the level of concentrat ions for the n i c k e l

s o  lo t s ve  t c o p 5 e r  i t  was found that less n icke l  is requir ed , s s

‘. 0  V i e  Id  the e I o ct .

i n  an  a t  t empt  to account for this unusual observat ‘iOfl

i t  i s  l o l io i ’ed  t h a t  t h e  addition ot t h e  nickel compound alter

lit ’ co5~5 ’ s’s cs’l Ioi 1 nucleation, w hi c h  is  tt ’r i s ’r a l ly  above pH 01 5

and I os\er t han phI 01 10 , inher en t ly y i t  1 is the  forma t ion o I

seine irssi ’l uble Is i cke l h y d r o x i d e  or h y d r o u s ox i,le prec~ p i t at  i on .

The pI ’t ’c ip it at ed ma to rio 1 would be deposited on t,o the previously

siuc looted cob lo id hence , one may expect  t h a t  the  col b i d

con t a i n  i I i ’ . t h e  n i 5’k1 ’ I a f t  or co 1 lo  i d isuc l e a t  ion w i l l  coiss  i s t  of

a coppe s t \ pe nu c l e u s  w i t  hi n 1 cke 1 it1’ t’ci !‘~ 
t a t  ed abou t such

‘ -
~n’ lt ’~n; . I’ a i-thor r , sore  , t h e  pr ese n c e  of the n i c k e l  in the + 2

s a l  ens’s’ , s 1011 1 w i 1 ii t he  ri ’ iu s ’ed coi’pe U ~~l ’n , \ t s ’ f l t  lv  t’e~ict

s’ it ’ ’ t s o n i ’ , iI lv as t o  ~‘ l O v 1 c 1 s ’ a catalytic S t a t e  ot higher act iv It’ ’ .

I t



ii. Co I lot do 1 St oh ;  1 i t v a n h  Colloidal React iv it v

Re ac t  iv i  tv Mod t fit ’ i’s

in t hi ’ O O U V St ’ 0 t t hi s research ,siid leVt ’ io~’n’tent p i o t  i ,uin

it was  i e c t ’’lI l l .‘t’d that the s\’nthesi :esl ‘~‘l l ’ i is must meet

cc ’ l t a i n  o S St ’t i  t i a I t ’~~ n i  i’esneni t s : c’ I I 01 d a t  :;t 01’ 1 t t ~~
‘ , ~ n id  c ’  1 t o  i do l

t ~ ‘ ~ic t v i t y I ‘so t s d  s t hit ’ e I t’’ t I t  ‘It ’s:; plot 151 1 155 1 t i a t  i on p I t ’t ’t ’ SS

Co 1 to  ~ 1 St aI’ iii .n’ i s  ,1l 0 ‘ienei’ a I i  V em~ ’ 1 ‘\‘ i ” I  i n  m e e t  i n~ t

t I l t ’ I t ’t p I  I s emen t t ~i ‘ol 1t ~ i h i  I st  at ’ i i i t y . Ct’Ii~ to liv Spc ’~ i ’~ i 11 5

t hi ’ co I 1 ’  i 1 st al’ 1 i ,‘t’ r s  O X ’ s’ a d s ’s  bed ~t~ I 0 t he cc 1 lo i ci rmc lens

t 1st ” e a t  t t ’ i t il t ’S O V t ’ n o t  t ‘i  t h i s ’ ccl l o ia I d ’u b l e 1 5i\’ i ’ I

t h e  out  i t-e t~1 l o i l  t n t  it  v . ‘l’hes ’t’ O t t ’ t lies’ a S c ’ a I so t’t t ’Se nt

at  1 ei’ .i ds, ’i i ’t  ‘is c’t the — ‘1 ‘1 ‘i I has  t . t ’
~~t ’ti p1~~1cc ’ s n  I t ’ t h e

‘l it ’ h’’ t r I c S’ii1’,; t a t  e . Co I l o t  ci st ,tl’ t 1 1 .‘e i’s o r e  101St’ i’ o l  l y

n i  tot ’ i .i i s wh i ‘h ~i lont ’ do n ot  ~~~t ’ s Si ’ ss a c5i t a I, vt  i c ac t  i v i t  v i n

l ie it s it 1 a t  ion  o the e It ’’ t t ~ le t ;  s p l o t  I f l 5  p I ’O , ’i ’SS ;

li e  i i  : s  e’;t ’I t C t ’ ‘ti t h e  s u i b s t  r a t  i ’ I ces  r i o t  }‘l ’ t ’\’ i d e  a l l  i t  ~sia I

‘ a t  al V t  c i I es t ‘ t ’  pl ot i r i d  i n  i t 1 . i t  I 051 . l- ’o I t ’ 1 1 Oct  1 \ ‘ ‘

t ’ 1 o ct i ’~ ’l o s s  n i a t  111 1 m i t  i a t  ion  i t i S  e s s o t;t  i , i l  t h a t  t h e  ~ol  i t ’ l l

h U t ’ I ens  ‘1 a ‘1 t’cu so t t lit’ i oct mu t l’t’ ova i 1 ,ii’ 1 o I ‘s a ‘Is~’tn i ~‘.i 1

l i l t  0 i r eact  i t ’ll w i t  h t ho t ’ I ect I t ’ less p 1 ,it i ll S b~~t is *

I i i  t ilt’ t ’c ’Ut St ’ o t  I h i  l’t’s’’,lt oh it W,is I t ’ t ’t ’’lfl ‘

h a t  t he ~i ‘1 ‘1 ‘c I I t ’ i ci st  oh i 1 m .~ a t  i o n  ha ; ;  ~t i ’ ‘ t a 1 1 v Vt ’ Sit  it cci

in di m i t s  i s h u i s ’s  t ht’ ca t  a 1 s t  i c act  i i ’  i t v a I t  o t h i’ ~t~~i l o t  ci i t ;

S I S O  li ’ t’cl o t st  t ’ I lie l I O n—  t ’t ’I\ l i l t ’ t ‘1’ . i’Is 1 5 ‘b so l \ ’  51t i ‘il was
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ant i cln5tt i’d s i  s ice  th e  oct  01’ s t  . t t - i  1 1  ~a t  ion  i n t r o d u c e s  rd , i t  i v e l v

L il t ’ I’ t ~‘i it ’mica 1 s ub s  t ,mnce  ( s ) w h i c h  s u r r o u n d  th e  ~~‘O 1 b id n u c l e U S

. t t l c I I l lt ’ t ’ t c ’ r t ’ t I  s’Vi~ls’ 0 steric h i n d s  once  b r  t h e  su l , s o s lu e s i t

choir  i ca t  reoc  t L o s ;  0 I the  nuc  ls,’us w i th ,i cosn~’o s i e nt  ( ‘1 t lie

~ ‘ I oc t  t’o l oss  p 1 ~it m a  b5i th i  . S I l l s’s ’ ho t  Ii r e t lU l  ren ier i t s t i t u s  t he met

w i t  h o u t  any  ~ac r i  t i ci’ o stabi ii ty  Os’ r e a c t  i v i  ty  , v a r  ion s

o 1 c ’r t s  w e l t ’ a t  tempted t o  deal w i t h  b ot h .

In one approach  it was  thought that the h i g h  I v  s t a b l e

cc ’ I t o i ds w h i c h  a i’e w e a k l y  ,ic t i s e  be ,idso r l ’ed o n t o  t i , ’ n o n—

con du c t  o r  , and thereat to r a nor  t i c i i  o f the c ob l oj d  st , i l ~ i ii  :~er

l ’ ’  so l e c t  iv s ’ly  removed  e x p o sin g  t h e  c o l l o id al n u c l e u s  t o

s’hisure high c a t 5 i  ivt ic act ivitv in the pl5l t ind l pr o c e s s .  Though

a i t ’ e rs’n t chionl i c5l I ~ mpol s t ’ri t S we Us ’ t r i e d  , t he  l ’s’ su,l t s we i’e no t

enc t ’u ra g  i t n t  . The ma in di  t t, I cu i t v in thi S opi ’r o5 i c l i  w a s  the

fo~’ t t hat  t i l t ’ chem i s ’,i Is w h i c h  we t o  used to i’eniove t ho col 1 o it1

s t o i ’ i  i i  .~et ’ froni  the s u t  I , i C e’ ws ’ l t ’ a l s o  S e lUoV i l) g  t h e  ccl io i d

nU C l t ’Us , t h e r e by  l i m  i n.j s h i ng  t h e  co 1 to  i da l  s i t e  ci i st r i b u  t t o t s

on t h e  su r t 5 i c e .  This b e h a v i o r  is duo t o  i n s ut  t i c i en t  s i 1 s 1 ’~i r i  t \‘

in t n t ’ sele ct iv it s ’ ot c ’t ch isi ts tow,irds the c o l l o id  s t 5 s h i l i ~~ei’

v s .  the c o l l o i d  n u c l e u s .

Ar ; a i t  o r n a t e  approach u~’,is used in wh i ch i t  w a s  t ound

that some o t the cob b ids , though  t h e y  are  highly stable and

weak by 5ic I i ye , cots  1 d hi ’ modi f i esl w i th the addition ss t ma t e r  sob s

Co 1 l t t ’cl as “ r e a c t  i vi  ty mod i t i e  t ’” . The use of such niates’ i,t l may

he in c s ’r p o r at  ed into the w e a k l y  a c t i v e  ce l lo  i ds or be used as

18
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i St 1110 t c ’lii ’tti i s’O 1 st e p  5i1  t 01 t ln’ c o l i c  id (wc ’,ik 1 v 5ic t 1 S t ’)

s~’ ,t; ; . s d s o r  ho , i  ou t s ’ the  n o i i — c o n , l u c t  S ’s . A w i d e  spet ’t x ’ u m  0 1

:‘:,itet i o  I s  s’,’o t ’ t ’ 1 i ’d stu d W O l t ’ I s ’un t l I t ’ l’s’ s’ 1 1 o c t  1 S t ’ is’ h i t ’ t s ’

~s ’os ;  t l i i ’ i t  add i t  i o n , he cat  a t y t  i i ’ a c t  IV i t  v w a s  i s~’s o oso d

a i~ \~ ‘ a I I XOSI coln’t ’li  t t a t  i oss 1 0\’t ’ I . l i s  ~t t ’ I i i ’ I ,i 1 i t sol 5 01S~

‘u t ;~ I h a t. ~lIi 0 t i mum CO I l  CO I l  t I ’ a t  i~~’i l  I s ’S  t lie I t ’ ,I C I i v  i t y

mod i t i er ~~OS r et lu  i so d  to act s i t ’S’s’ t h~’ l I l t ’ 1’O~ t sod s ’O t a 1st  ic

,IC t I V  i t  v ‘l’oo 1 i t t  Ic rs’ac t iv  i t s ’ ’ ,n~’d 1 t t o  r u i 1  slo t  v i s’ isI  any

nn~ ’ r c ’s’omelit  , wise t ’eas  t O t ’ much  d o t e s  i s’r ot ed  t h e  r eac t  i v i  t v as

we I I  . ~‘t , t  t t ’ r ia  1 s wh t cli s~~’ I t ’ I I i od we I t ’ g e l se  m a  11 V ot ’ a w i d e

~‘l l o r ;  I CO I n a t u r e  t ang  t r i g  I op t  si t s I ac t  a n t s  and  , i l  c oi m o l s  , t o

c ’s’Iroslori inhibitors arid r a d i c al s .  ‘I’hough these  m a t e ri a l s  a re

t t U  I t s ’ d i  st  i n d ,  i n  this ’ i s  c h seni ical  n a t  u re s  , ol 1 5 i s o  i n her e n t  lv

cc 1 lo i d stab i I i :e r s  i n  t h e  SCtSSs ’ t h a t  t hey can ho chs’mi call v

a d s o r b e d  o n t o  the metal ccl l ot  ci m c  I ~‘uS l lo i i ce  it  is  no t

su rp 1 i s i r i ~i t h a t  c l a ss i c a l  coi ’ i ’o s i ol l  i tih ii h it oss s u ch  at ;

tn~’ r s ’5 ip t ~’bs ’n’.~ot  r i a:o I w e r t ’ t oun d  to  hi ’ su cces st  u.l among  t h e

cand i tb t e s

In  an a t  t e m p t  t o  p l oy  i d e  a hot tei’ undes’st an d i ng  t o t

he C i I i ’ l iO PIt ’l i . l  obso rv s’d , el s’ctron iii i c  t ’oscopv was  app 1 i od In

Us i rig the ci  oct  ron mi crosc opv as  a t s’O 1 bot hi d i  f t  i’ ,i c t ion  and

t t  a n s m i s s i s ’n modes were t’Xpbor~ d.

F t  t l U i ’O  2 shows the  t m’ansni i ss ion  s’ 1 oc t  ron nu s’i’oscopv

t o r  a coppe r c o l b o i d  w h i c h  was  s t a b i  lj ~~t’sI w i t h  pr ott ’ils . Whets

used i n  t he p lot  in t l process  this ~‘~‘l l o t  d showed 1 im i t ed  a c t  i v i  ty

1 t)
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U~ ‘~.s ’s’t,’r , upon t h e  , t d , l i  t, i~~~ri 01 sodium lauryl sub fate ~~~ B) and

sodiu t ; ’  ~ o l e I  in sul  I m a t e , ea ’h added s i n g l y ,  si gn i  fi s ’ant

in c r ea s e  in c a t a l v t  ic a c t  i v i t y  was  n o t i d .  F igu r e s  3 and 4

:;ht ’~ t b ,  r e s u l t i n g  c o l l o i d a l  d i sj er s ic, , a f t e r  t h i ’  i n c o r p o ra t i o n

ot ucd  muir bour ’1’l sub I ,I t e  and sod ium ~ ob e f i n  sub  f o n a t o  (~h , i t c  C) .

s ’ c: ,t rj son  o t  t h e  r e s u l t s  o s  F d - - l u res 3 and s’s. Fi nu’c’ 2 (~~t , i t e

e v ea l s  that the clusters (approximately 5OO ~ in s i z e)  in

F ig u r e  2 a re  broken up and d i s c r e t e  p a r t ic l e s  ( i I ;p r o x l n n i t e l v

5O .~s in  s i z e)  O t t ’ fo r m e d  i n s t e a d .  I t  is n o t e d  t h a t  t h 5

a d u l i , t i \ ’c ’S i t I c O r p O r a t  i d  are  su r  t a ct a n t s  w l ; i  ch i n h e r e n t l y  are

C Ob l o i s i  s ta b i l i z e r s .  F igua ’ e 5 shows the d i f t r o c t i o n  p a t te r n s

t o r  t i t e  c o lb o id s  o f  F i ~ t u r ~ ’s ) _ 4 •

From t ho d i f f r a c t  son  p a t  to  in s  f o r  the n e wl y  d e r i v e u l

S t a te S  I t  is c l t , ’ar b v ;- . t~~ ’ . i  t u a t  th e  d er iV e d  s ta t e s  ar e  ~t o t s er a l 1 y

-
‘ o~ a higher amorphous nature compared to the s t a r t i ng  w eak ly

ac t i v e  co l l o ida l  S t a t o . This  o b s e r va t  t o t ;  is cons i s t en t  with

the forma t i o n  of a newer  p a r t i c l e  s i z e  d i s t r i b u t i o n.

Thus , i t  is b e l i e v e d  t h a t  in  the i n i t i a l  s t a t e  d u r i ng

nucleation the colloid nucleus has formed clusters , generally

of several  hundred  ang s t rom s  in d i a m e t e r .  Upon the a d dit i o n  of

the r e a c t i v i ty  m o d i f i e r  some of the c l u s t e r s  are  broken U~

provid ing d i sc r e t e  p a r t i c l e s  of  t h i  co l loids , an d in so do ing

increase  t h e  a p p a ren t  s u rt a c e  a r e a  of t h e  c a t a ly s t  a v a i l a b l e

f o r  the s u b s equ e nt  t’ i ’, i c t  lots . I t ~~ further I~5 ’ 1 ieved t hat  some

of the reactivity modifier may also rep l a c e  some of the previous

colb oid s t a b i l i z e r , such ,i s  the p s c ’ t e  in s , and r i o v i de  r C c l l O f l S

2 1
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s r i  w h i ch g r e a t e r  ,ts ’s ’et .s con i t ’ made t o  t he  n u c l e u s .  in

‘ 1  OpsiS  t r i g  t h i  I S itioshs’ 1 t his ’ t o l  low m rig t,s ’hi&’m5i t c is provided

show i r ig  th i s ’ m i t  i5t I s tat e  and t h e  dci’ m ved s t a t e  achieved .

s t a b i l i z e r  B
11 St  ~sh i ii  zs ’ r A ( t ’o 1 1 ~~ I d )

x ~~~
- - -  - - - -

(n—k) st 5tb i 11 zer A m stabi ii zes B (5’S’ 1 lo  i t l )  
-~

I
where  ii , k , rn , x , and Z are  sort ie  t n te’~it ’ I , ~ns1

:; t a b i l i z s ’r ’s A and Ii 5 i 5 ’ t ’ t l j s t  sn o t  c o l l o i t i  s t a b i l iz e r s .

Con t t ’O I I od Ox i d a t  i o n

it ,  i i , i t ;  a l s o  been obsi ’i’vod that s’er  t a i r i  c c l  1’ ‘ i d , ;  whs i 5 ’hi

a t i ’ p r e p ~s r e d  by the  t’educ t  i o n  o f  copps ’ r w i  I ii a t ed it ’ ’’ “.i

ar id  I s ’  wh ich ma t i ’s ’  s , i I s 1 ike  t h i  o u r  i a  WO i t ’ s d 4 i . ’~1 , w o r e  I ‘With

5)  hi ’ j  n e s t  , i • 0.  , 1 i t t l e  p1  , r t  i ng i t  a n y  w a ;  t ’ r i ~’, ’ii r’i t  ‘ t e d . A

t yp ica ‘m s’ompo s i t  ion uses! i n  th i t ’ m a k e— u p  o t  su c h  c.’ Ito i ci i s

Cut ’ 1 ) . 04M

NiCI 1 0.01 ”l

NaL111 1 0 .  0

N~iOi1 0 .  1 ‘~t~M

( N i l  , ) ,Ct- (S . OOh 7Nl

( i t ’  z 5 i n — t ~~ 1 2 .  (1 a/ i

I- ’inal ad, 1UStt’st p1! 8 . 0

*[) j sI’t ’r t-ia nt — pt’o sluct  ot  Ct’oWn ‘.~e 1 l t ’t t ’ , s t ’h C o r l ’ .

“C ’)

—-a-I
-- “-‘5- ---~~~~~
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However , th rou gh the addi t ion of ~s controlled

concentra t ion of an oxidizinq agen t a major inc reas e in

a c t i v i t y  was observed . F u r t h e r  a d d i t i o n  ot  the o x i d i z i ng

agen t  has gen e r a l l y  resul ted  in the d e t e r i o r a t i o n  of ’ the

col1oid~~l d i spe r s ion. The cont ro l led  level ot  oxidi zer

i n c o r p o r a t e d  was g en e r a l l y  r e l a t e d  to the c o n c e n t rat i o n  of

t h i o u r e a  1)resent.  I t  thus  a p p ear s  t ha t  the o x i d i  ze r  appears

to m o dit’y the colboid nucleus thereby resulting in a more a c t i v e

Col lo ida l  d i spe r s ion , and the t h iou r ea  is cap abb t ’ o t  s t a b i l i z i ng

both the i n i t i a l  colboids  a s wel l  as t he m o d i t i e d  s t a t s ’.

Colloidal dispersions p repar ed and tested by t h i s  procedure

were found effective for periods of up to 3 m o n t h s .
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C. C a t  a I s t  i c Boost or  s

t i nil m t a t ’ t o t h e  ohs’ V t ’ St ’s’ t t o r i  on vi i ck t ’ 1 sloped c a t  a I v st  ;; , -

i t was  I , ‘u n i u l  that corIin ’, ’isrs ~1s o f  me t  ~i Is , part mci 1 ,1 s l y  thost ’ m e t a l s

I , i k s ’ti I rem this ’ Pt ’ i ’l  o th  i c  Tab I s ’  o f  t lie ’ 1~ l i ’r ’t t ’ut  ~, ‘ I P o rt  OtIS I V I 1 ,

VII , VII!, and \‘ I I B , , l  lit! I ’ t 4 ’11 ’S 4 , ~) ~ii’id t~ , w h e t s  S t i i ’O S ‘4~~i’ O t  t ’tl

a I u ’t l u l  w i t h  the ~~~ ‘~‘e r I v p..’ c o b b  ids ha s’ s ’ cau sesi t ’n han c e m en t

ot ’ the c a ta l y t i c  a c t i v i ty  i n  c o m p a r i s o n  to t ho same n ia tt ’t ’ i a i s

w i t h o u t  t h i t ’ pr e sence  01 such  l~s) ~’s t e rs * (App end i x A shows  t hess’

elements ot the Us ’ rio~i it ’ T a b l e  o f  t h e  i-: 1 eris ’r i t i t

I t is a ISO l i l t  s ’ r ’  st  1 no t o r i o t  e t hat t his ’ St ’ m a t  t ’ i ’ I a 1 s

a i’e , at  t ime , “:, - t ’  - t ’ t t s ’ s’t i ye whets added post I he cop}’t ’i ’ Ct ’ I l t ’i si

f luc  1 e at i o n.  Thouqh it is not , comp 1 s’ to  1 y pr s’vt ’li , i t i s be 1 i t ’  ~‘ed

tha t the  mechanism for t lii ’ cat a l y t  is - onihiari s’t’r’,iens t i s p r ’ol ’ab I v

s ins i Ia r to the ,ibs’vs’ mode I proposed wi t h res} ’s ’s’ t to r i j ok e  1

i n c o r p o r a t i o n .  Some of t hi s ’ el enient S used t o  bo~’s t t his ’ c5i t .11 y t  i s ’

a c t i v i t y ,  such as manioan e~~o s~ i chromium ions  , a l ’t’ m ateria ls

which  could be read i ly  ~‘s ’es ’ i p i t  a t  s ’sl to t h e  liy d r ’ox ide or hy d r o u s

o x i d e .  H ence , the i t ’ i rics~1’}~s)t’atiois at pH’ s above ‘‘ w i ll  cause

the cnss ’ t of  t h e i r  proc  t p i t  .st ion , and t h e  pr t ’c i p i t  , it  ion  t ~ ks’s

p1 ace around the p rev ious ly  i n s o l u b l e  cob I t ’ i t h a i  p h a s e .

Therea f t  or the enhanced a c t i v i t y  is beb i eyed du e t o  .i r i  e le c t  t u ’n i  iC

react ion between these  t r a n s i t i o n  m e t a l  ions arid the t ’os’!’ t ’r

based nucleus .

27 
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it is in t s ’s - e s ti r ig to note that an inhibition effect

is y i elded when those transition metals to the right of

copp s’L ’ (Group 113 ) on the I’ t ’r ’iod jc Table of the Elements , for

i sistance.’ Group I II!, are  1 nc( ’r I) o i ’a ts ’sI into the ca talys t in an

l o t s  i c  s t a te ,’. In othe r  words , the  l e v e l  of cat a l y t ic act i v i t y

t~t id s  to d ot s ’ r i o  t a t e  p a r t  icul  ax’l  y as the concent r at  ion l o s ’

hose m e ta l s  (e . . , z in c , cadmium , mercu ry  and the l i k e ) i s

increased . Wh i l e  the present I i nd in g s  a re  c o m p l e tel y  new in

t li is I i t ’ Id , i i i  t h i ~’ i’hem i cal industry i t isa s a l so  been observed

th a t ct’ppo r ca t  .1I\’s I s used in  i iy d s’oqs ’nia t ion r eact ions may be

u rth e r act  I V , i t s ’tI by th is ’ addi tion of metals such as chromium ,

iiio l y h~ls ’r i um , t u n gs  t en  , s’ Ic .  hlo w s’vs ’ r ’ , in  the clsem i cal industry

the boost m n~ met  a is a i’e gent ’ vol ls’ cal ci tis ~d and reduct ’d to  the

0 lems’zi t a i  s tat e  , w h e r eas  the present obsi ’ rva tions hays’ shown

that :  t h e  hi~~h i o x i dat i o n  s tat e s  a n ’  ot  t’&’ct iS’s’ (C r  ( + 3)  , Mn ( + 7)

Nit ’ f~~~) , e tc.

‘8
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s ’0N~ ’ I- I~~ lON g

T h e  x e  s u i t , ;  o f  t he’ I ’ i e ’ se ‘n i t  p r  ~‘ i s  am have [us ’ t ho i

i t ’i u t t ’ n c t ’d p r i o r  r t ’s t ’a s ch  , s~ ’ t s i l t  I t ’S t n  t h i s  l a b o r a t o r y

‘5’s ta its I Zls ~ t 0 Iis ’rl — p  n & ‘~~
‘ 10 11 ~; r ile ’ t ii - at  .1 1 y st  S I ~s i i i  t i mate

~ 1’l’ 1 i cab  i i s  t y t ~‘t  m i t  i ’d i ’ l l  c i  i t  ry  n i an u  I ,i t ’t t i l i n g .  ‘1 houg h

n i i ’ i i — } ’ r s ’ s’ t s ’ i i S  t’is ’t a  is  .
‘ .~~~,- a r e  r i ot  a , ;  ‘ i t ’t ’d as t h e  s~o n’l’ e s l ’on i s 1 I no

~‘ l t ’i ’ t t 5 t 1 S  me t  u s , p a s t  i c u l a s l y  ;‘ ,sl I a t i m u in , st ’ve ’r a l  I m n d i n a s

O f  t i ts ’ l ’ r ’ t ’ss ’ n i t  1 - n  ~‘;r5sni h~~i’e ’ ‘;~‘ r ‘i’ i’J t h e  ~e r  t o r r n a n c & ’  o f  *

the  t cr m t ’ n . T h i s  i m i ’ s  i ’y t ’sn s ’n i t  s r i  pert osmance has result 5 ’d

i i i  ca t~~l v t m c  a c t  i v i t  i t ’S w h i c h  O h ’  v i r t u a l l y  ths’ same as t h e

pr o s ’ toiis nieta  1 t \ ‘ l ’ ’  cu s ’r t ’i i t  l y  used in  s’omnie s ci ’ ,

‘I’hie t ’i ’Sei ’y e ’tl i s n } ’ r t ’vs ’m o n t  ;; s~ I s’t ’~ ’t ’ s ’i l ’, i ; i t ’ t j  t ’~ l t  a I y s t  -
~

,,i I 0

1. .‘~
‘
~~
‘: ‘ .

~ 
-
~ :: ,‘ ‘

.
‘ 

~
‘ s t i  svnst l i e s  s nsa I i n e ly  d i v  I t l t ’t i

ci’ I I s ~ i u S

2 . ‘, ‘ ‘i~f ?- ‘ ‘ .14 ’ , 2 by n i s’k t ’ I or coha 11 a~ ‘~~ l u g

o f  t lit ’ t ’op l’ t ’ 5’ ~‘.i t a 1~ ’s t  ~ .

.“ Y 1~s t h e  add i t  i s ’ n  o l  i’ o - i s ’t is ’ s t i

nit~d i I i t ’s’s wh i cli ,s i t  er the  st  t ’ r i o  s ’s ’t i I c i i i  ~s t  i t ’l l

0 1 t h i s ’ c~’ I I ‘ s t l , i  1 o u t  i t y

4 . - .
‘ ‘

~ 
‘ ,‘~‘~ ‘.1 ,- ‘ ,~

‘
,‘‘ ~‘~‘1 ‘2 ~’ -

‘ :‘ y v i  a ccii I s o  I I s ’sl ox i dot  s d ,

o f  t l i t ’  t ’s ’~~~ pt ’ 1 1’ ,ised s’oI I t ~ i tIS

- - ‘  -
‘
~~~~~~ ‘- - ‘ - - - - .  - .



5. ‘ ‘ ,‘• ,~
- ,~~~

‘
~~~ ~~~~~~~~~~~~~ v ia  the a d d i t i o n  of

c a t a l y ti c  boosters selected f rom m e t a l s  of

Per iod  IVB , V13 , VIB , and V I I B  and Groups 4 , 5 ,

and 6 of the P- .riodic Table of the Elements.

The commerci a l imp lemen ta t ion of co l lo ida l  composit ions,

p a r t i c u l a r l y  of non-precious m e t a l s , o f f e r s  a r e a l i s t i c

solu t ion  to problems encoun te red  w i t h  p r e s e n t l y  used p a l l a d i u m

type c a t a l ’ ,’sts .  The adap ta t ion  of these new c a t a l y s t s  w i l l

a l l ev ia te  a wide range of p rob lems  f rom po l lu t ion  and personnel ‘

s a f e t y ,  to m a t e r i a l s , costs , and product  r e l i a b i l i t y. Increased

in t e re s t  and conf idence  in t h i s  new technology by the t’ ~~~~~~~~

communi ty  m~i1l pos i t i ve ly  i n f l u e n c e  i ts  ‘ - - ‘ -‘; ~‘ ‘ - -‘ 

~Z a s s i m i l a t i o n.
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